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10 cm 

Neutron imaging detector prototype 
(µNID) 

  10 × 10 cm2 µPIC. 

  Gas mixture:  Ar-C2H6-3He (up to 2 atm total pressure). 

  Gas gain < 1000 for neutron imaging. 

  Detection efficiency: up to ~30% for thermal neutrons. 

  Position resolution:  < 0.4 mm; time resolution: ~1 µs 
(for each neutron event). 
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(thickness = 0.5 mm) Drift cage 

TPC measures 3D track 
of proton-triton pair. 

µPIC 

400 µm 

Anode pitch:  400 µm. 
Max. gain:  ~15000. 
Energy res.:  22% @ 5.9 keV. 
Gain uniformity:  ~4% (σ). 

Stable operation > 1 month 
at gain of 6000. 
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DAQ with X-ray mode 8 

Simultaneous measurement 
of position and energy 
deposition at high rates. 
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Test experiments at J-PARC 

23 beam lines 

Japan Spallation Neutron Source (JSNS) 

Tokai-mura 
Ibaraki Prefecture 



Test experiments at 
J-PARC 

Beam line 
  De-coupled liquid hydrogen 

moderator at 20 K. 

  Max. beam size: 10×10 cm2. 

  Moderator-to-detector distance: 
14.45 m. 

  Pulse rate of 25 Hz and neutron 
band-width of 10 Å. 

NOBORU beam line 
Sample 
holder 

Amplifier-
Shaper-
Discriminators 

µNID 
  Experiments in Nov. 2009 and June 2010. 

  JSNS beam power ~120 kW. 

  Ar(63%)-C2H6(7%)-3He(30%) at 2 atm 
(detection efficiency ~28%). 

  Same gas filling used for both experiments 
(separated by 8 months). 

Detector 
position Rotary collimator 

Bandwidth chopper 

Adjustable B4C slits 



Neutron pulses and DAQ rate 

  Data rates from 100 kHz ~ 4.5 MHz. 

  Live time from 15 ~ 60%. 

  External TOF gate to reduce dead time. 
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Output 
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VME 
to PC 

  Encoder output buffer 
(limits DAQ rate). 

  VME-to-PC data 
transfer (limits DAQ 
live time). 
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Neutron/Gamma separation 
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  Cuts in total energy deposition 

and 3D track length. 

  γ/n ratio < 6 × 10-5 with cuts. 



Position resolution with PID 

5.0 cm 

2 mm slits 

Resolution from edge: 

349 ± 36 µm (σ) 
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Position from mid-
point of p-t track. 

Resolution: 
960 ± 105 µm (σ) 
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(Includes beam divergence) 

Beam setup 
  Slits 1,2:  6 × 6 cm2. 

  1-cm Polyethylene 
degrader. 



Position 
resolution 
Beam setup 

  Slit 1: 0.3×0.3 cm2. 

  Slit 2:  6×6 cm2. 

  Rotary collimator  
(1×1 cm2). 

  Two 2.54-cm Bi 
monocrystal filters. 

Preliminary Preliminary 



Position resolution from grid 
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Resonance imaging 

  Known resonance at 132 eV 
(TOF = 90.9 µs). 

  Observed at 90.86 ± 0.23 µs. 
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Small-angle neutron scattering 

  Position of diffraction peak 
depends on wavelength. 

  Peak is constant in q. 

Spherical SiO2 nanoparticles 
Diameter: ~200 nm. 
Sample distance: 1666 mm. 
Beam size: 4 × 4 mm2. 
DAQ rate: 520 kHz. 
Exposure time: 35.0 min. 
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Bragg edge transmission 
78 × 40.5 × 10 mm3 TIG welded 
316L stainless steel plate 
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Weld area 
Steel plate 1 
Steel plate 2 

  Edge spacing consistent 
with FCC crystal structure. 
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Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.29

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

 / ndf = 6.474 / 142

edge      0.036! 9.279 

    0.08!  0.02 

TOF vs X vs Y_z htpix3_5
 / ndf 2  18.85 / 19

edge      0.026! 9.283 
    0.05!  0.02 

Time (ms)
8.4 8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2 10.4

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

0.38

 / ndf = 18.85 / 192

edge      0.026! 9.283 

    0.05!  0.02 

TOF vs X vs Y_z htpix3_6
 / ndf 2  16.88 / 19

edge      0.156! 9.186 
    0.04!  0.02 

Time (ms)
8.4 8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2 10.4

0.29

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

 / ndf = 16.88 / 192

edge      0.156! 9.186 

    0.04!  0.02 

TOF vs X vs Y_z htpix3_7
 / ndf 2  5.895 / 14

edge      0.047! 9.232 
    0.08!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

0.38

 / ndf = 5.895 / 142

edge      0.047! 9.232 

    0.08!  0.02 

TOF vs X vs Y_z htpix3_8
 / ndf 2  7.298 / 14

edge      0.051! 9.294 
    0.07!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

0.38

 / ndf = 7.298 / 142

edge      0.051! 9.294 

    0.07!  0.02 

TOF vs X vs Y_z htpix3_9
 / ndf 2   13.5 / 14

edge      0.027! 9.277 
    0.07!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.32

0.34

0.36

0.38

0.4

 / ndf =  13.5 / 142

edge      0.027! 9.277 

    0.07!  0.02 

TOF vs X vs Y_z htpix3_10
 / ndf 2  16.04 / 14

edge      0.068! 9.272 
    0.04!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.28

0.3

0.32

0.34

0.36

0.38

0.4

 / ndf = 16.04 / 142

edge      0.068! 9.272 

    0.04!  0.02 

TOF vs X vs Y_z htpix3_11
 / ndf 2  4.878 / 14

edge      0.024! 9.325 
    0.07!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.32

0.34

0.36

0.38

0.4

 / ndf = 4.878 / 142

edge      0.024! 9.325 

    0.07!  0.02 

TOF vs X vs Y_z

htpix4_1
 / ndf 2  14.15 / 14

edge      0.042! 9.267 
    0.08!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.28

0.3

0.32

0.34

0.36

0.38

 / ndf = 14.15 / 142

edge      0.042! 9.267 

    0.08!  0.02 

TOF vs X vs Y_z htpix4_2
 / ndf 2   22.3 / 14

edge      0.035! 9.205 
    0.06!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.28

0.3

0.32

0.34

0.36

0.38

 / ndf =  22.3 / 142

edge      0.035! 9.205 

    0.06!  0.02 

TOF vs X vs Y_z htpix4_3
 / ndf 2  9.068 / 14

edge      0.034! 9.291 
    0.06!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.32

0.34

0.36

0.38

 / ndf = 9.068 / 142

edge      0.034! 9.291 

    0.06!  0.02 

TOF vs X vs Y_z htpix4_4
 / ndf 2  16.38 / 14

edge      0.090! 9.271 
    0.07!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.32

0.34

0.36

0.38

 / ndf = 16.38 / 142

edge      0.090! 9.271 

    0.07!  0.02 

TOF vs X vs Y_z htpix4_5
 / ndf 

2
 19.49 / 19

edge      0.048! 9.299 

    0.05466! 0.04979 

Time (ms)
8.4 8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2 10.4

0.28

0.29

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

 / ndf = 19.49 / 192

edge      0.048! 9.299 

    0.05466! 0.04979 

TOF vs X vs Y_z htpix4_6
 / ndf 

2
 21.92 / 19

edge      0.083! 9.254 

    0.06586! 0.07178 

Time (ms)
8.4 8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2 10.4

0.29

0.3

0.31

0.32

0.33

0.34

0.35

0.36

 / ndf = 21.92 / 192

edge      0.083! 9.254 

    0.06586! 0.07178 

TOF vs X vs Y_z htpix4_7
 / ndf 2  11.56 / 14

edge      0.028! 9.311 
    0.05!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.29

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

 / ndf = 11.56 / 142

edge      0.028! 9.311 

    0.05!  0.02 

TOF vs X vs Y_z htpix4_8
 / ndf 2  11.25 / 14

edge      0.040! 9.277 
    0.08!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.32

0.34

0.36

0.38

 / ndf = 11.25 / 142

edge      0.040! 9.277 

    0.08!  0.02 

TOF vs X vs Y_z htpix4_9
 / ndf 2  9.366 / 14

edge      0.022! 9.283 
    0.06!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.32

0.34

0.36

0.38

 / ndf = 9.366 / 142

edge      0.022! 9.283 

    0.06!  0.02 

TOF vs X vs Y_z htpix4_10
 / ndf 2   15.8 / 14

edge      0.021! 9.286 
    0.05!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.32

0.34

0.36

0.38

 / ndf =  15.8 / 142

edge      0.021! 9.286 

    0.05!  0.02 

TOF vs X vs Y_z htpix4_11
 / ndf 

2
 13.06 / 14

edge      0.060! 9.306 

    0.05620! 0.05248 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.32

0.34

0.36

0.38

0.4

 / ndf = 13.06 / 142

edge      0.060! 9.306 

    0.05620! 0.05248 

TOF vs X vs Y_z

htpix5_1
 / ndf 2  27.24 / 14

edge      0.040! 9.345 
    0.08!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.28

0.3

0.32

0.34

0.36

0.38

0.4

 / ndf = 27.24 / 142

edge      0.040! 9.345 

    0.08!  0.02 

TOF vs X vs Y_z htpix5_2
 / ndf 2  6.391 / 14

edge      0.047! 9.361 
    0.05!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.29

0.3

0.31

0.32

0.33

0.34

0.35

 / ndf = 6.391 / 142

edge      0.047! 9.361 

    0.05!  0.02 

TOF vs X vs Y_z htpix5_3
 / ndf 2   11.2 / 14

edge      0.020! 9.316 
    0.05!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.28

0.3

0.32

0.34

0.36

 / ndf =  11.2 / 142

edge      0.020! 9.316 

    0.05!  0.02 

TOF vs X vs Y_z htpix5_4
 / ndf 2  15.43 / 14

edge      0.029! 9.284 
    0.07!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.32

0.34

0.36

0.38

 / ndf = 15.43 / 142

edge      0.029! 9.284 

    0.07!  0.02 

TOF vs X vs Y_z htpix5_5
 / ndf 2  20.64 / 19

edge      0.032! 9.284 
    0.07!  0.02 

Time (ms)
8.4 8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2 10.4

0.29

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

 / ndf = 20.64 / 192

edge      0.032! 9.284 

    0.07!  0.02 

TOF vs X vs Y_z htpix5_6
 / ndf 2  12.02 / 19

edge      0.059! 9.298 
    0.07!  0.02 

Time (ms)
8.4 8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2 10.4

0.28

0.29

0.3

0.31

0.32

0.33

0.34

0.35

 / ndf = 12.02 / 192

edge      0.059! 9.298 

    0.07!  0.02 

TOF vs X vs Y_z htpix5_7
 / ndf 2  7.977 / 14

edge      0.034! 9.327 
    0.07!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.29

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

 / ndf = 7.977 / 142

edge      0.034! 9.327 

    0.07!  0.02 

TOF vs X vs Y_z htpix5_8
 / ndf 

2
 18.08 / 14

edge      0.059! 9.353 

    0.06580! 0.04262 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.32

0.34

0.36

0.38

 / ndf = 18.08 / 142

edge      0.059! 9.353 

    0.06580! 0.04262 

TOF vs X vs Y_z htpix5_9
 / ndf 

2
 6.244 / 14

edge      0.127! 9.289 

    0.05353! 0.09029 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.29

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

 / ndf = 6.244 / 142

edge      0.127! 9.289 

    0.05353! 0.09029 

TOF vs X vs Y_z htpix5_10
 / ndf 2  17.29 / 14

edge      0.040! 9.355 
    0.04!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.32

0.34

0.36

0.38

 / ndf = 17.29 / 142

edge      0.040! 9.355 

    0.04!  0.02 

TOF vs X vs Y_z htpix5_11
 / ndf 2   7.61 / 14

edge      0.080! 9.355 
    0.08!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.32

0.34

0.36

0.38

0.4

 / ndf =  7.61 / 142

edge      0.080! 9.355 

    0.08!  0.02 

TOF vs X vs Y_z

htpix6_1
 / ndf 2  4.188 / 14

edge      0.039! 9.292 
    0.06!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.32

0.33

0.34

0.35

0.36

0.37

0.38

 / ndf = 4.188 / 142

edge      0.039! 9.292 

    0.06!  0.02 

TOF vs X vs Y_z htpix6_2
 / ndf 2  9.507 / 14

edge      0.047! 9.255 
    0.06!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.31

0.32

0.33

0.34

0.35

0.36

0.37

0.38

 / ndf = 9.507 / 142

edge      0.047! 9.255 

    0.06!  0.02 

TOF vs X vs Y_z htpix6_3
 / ndf 2   12.1 / 14

edge      0.053! 9.314 
    0.08!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.32

0.34

0.36

0.38

 / ndf =  12.1 / 142

edge      0.053! 9.314 

    0.08!  0.02 

TOF vs X vs Y_z htpix6_4
 / ndf 

2
 10.73 / 14

edge      0.061! 9.277 

    0.05252! 0.03649 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.32

0.34

0.36

0.38

0.4

 / ndf = 10.73 / 142

edge      0.061! 9.277 

    0.05252! 0.03649 

TOF vs X vs Y_z htpix6_5
 / ndf 2  8.729 / 19

edge      0.025! 9.299 
    0.06!  0.02 

Time (ms)
8.4 8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2 10.4

0.3

0.32

0.34

0.36

0.38

 / ndf = 8.729 / 192

edge      0.025! 9.299 

    0.06!  0.02 

TOF vs X vs Y_z htpix6_6
 / ndf 2  20.52 / 19

edge      0.03!  9.31 
    0.0684! 0.0214 

Time (ms)
8.4 8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2 10.4

0.28

0.3

0.32

0.34

0.36

0.38

 / ndf = 20.52 / 192

edge      0.03!  9.31 

    0.0684! 0.0214 

TOF vs X vs Y_z htpix6_7
 / ndf 2  15.24 / 14

edge      0.041! 9.219 
    0.06!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.3

0.31

0.32

0.33

0.34

0.35

0.36

0.37

0.38

 / ndf = 15.24 / 142

edge      0.041! 9.219 

    0.06!  0.02 

TOF vs X vs Y_z htpix6_8
 / ndf 2  12.56 / 14

edge      0.044! 9.302 
    0.08!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 12.56 / 142

edge      0.044! 9.302 

    0.08!  0.02 

TOF vs X vs Y_z htpix6_9
 / ndf 

2
 11.02 / 14

edge      0.064! 9.259 

    0.06346! 0.02241 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.31

0.32

0.33

0.34

0.35

0.36

0.37

0.38

0.39

 / ndf = 11.02 / 142

edge      0.064! 9.259 

    0.06346! 0.02241 

TOF vs X vs Y_z htpix6_10
 / ndf 2  7.422 / 14

edge      0.038! 9.373 
    0.07!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.32

0.34

0.36

0.38

0.4

 / ndf = 7.422 / 142

edge      0.038! 9.373 

    0.07!  0.02 

TOF vs X vs Y_z htpix6_11
 / ndf 2  19.98 / 14

edge      0.038! 9.318 
    0.06!  0.02 

Time (ms)
8.6 8.8 9 9.2 9.4 9.6 9.8 10 10.2

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 19.98 / 142

edge      0.038! 9.318 

    0.06!  0.02 
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(200) 

htpix1_1
 / ndf 2  15.17 / 24

edge      0.06! 13.21 
    0.08!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.25

0.3

0.35

0.4

0.45

 / ndf = 15.17 / 242

edge      0.06! 13.21 

    0.08!  0.02 

TOF vs X vs Y_z htpix1_2
 / ndf 2  12.64 / 24

edge      0.05! 13.18 
    0.08!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

 / ndf = 12.64 / 242

edge      0.05! 13.18 

    0.08!  0.02 

TOF vs X vs Y_z htpix1_3
 / ndf 2  29.69 / 24

edge      0.06! 13.14 
    0.05!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 29.69 / 242

edge      0.06! 13.14 

    0.05!  0.02 

TOF vs X vs Y_z htpix1_4
 / ndf 2  28.45 / 24

edge      0.1!  13.2 
    0.08!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

 / ndf = 28.45 / 242

edge      0.1!  13.2 

    0.08!  0.02 

TOF vs X vs Y_z htpix1_5
 / ndf 2  16.45 / 14
    

1
a  0.68! -1.92 

    
1

b  0.055! 0.175 
edge      0.02! 13.17 

    0.05!  0.02 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.16

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

 / ndf = 16.45 / 142

    
1

a  0.68! -1.92 

    1b  0.055! 0.175 

edge      0.02! 13.17 
    0.05!  0.02 

TOF vs X vs Y_z htpix1_6
 / ndf 

2
  6.27 / 14

    
1

a
 0.96! -1.24 

    
1

b  0.0773! 0.1143 

edge      0.06! 13.15 

    0.06849! 0.04297 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.22

0.24

0.26

0.28

0.3

0.32

0.34

 / ndf =  6.27 / 142

    
1

a  0.96! -1.24 

    
1

b  0.0773! 0.1143 

edge      0.06! 13.15 

    0.06849! 0.04297 

TOF vs X vs Y_z htpix1_7
 / ndf 

2
 15.77 / 14

    
1

a
 0.8110! 0.7172 

    
1

b  0.06532! -0.03058 

edge      0.05! 13.15 

    0.06158! 0.06544 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

 / ndf = 15.77 / 142

    
1

a  0.8110! 0.7172 

    
1

b  0.06532! -0.03058 

edge      0.05! 13.15 

    0.06158! 0.06544 

TOF vs X vs Y_z htpix1_8
 / ndf 2  25.85 / 24

edge      0.09! 13.09 
    0.0754! 0.0908 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

 / ndf = 25.85 / 242

edge      0.09! 13.09 

    0.0754! 0.0908 

TOF vs X vs Y_z htpix1_9
 / ndf 2  27.52 / 24

edge      0.05! 13.13 
    0.06!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.25

0.3

0.35

0.4

 / ndf = 27.52 / 242

edge      0.05! 13.13 

    0.06!  0.02 

TOF vs X vs Y_z htpix1_10
 / ndf 2  25.71 / 24

edge      0.02! 13.01 
    0.05!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.25

0.3

0.35

0.4

0.45

 / ndf = 25.71 / 242

edge      0.02! 13.01 

    0.05!  0.02 

TOF vs X vs Y_z htpix1_11
 / ndf 2  21.53 / 24

edge      0.04! 13.18 
    0.07!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.25

0.3

0.35

0.4

0.45

 / ndf = 21.53 / 242

edge      0.04! 13.18 

    0.07!  0.02 

TOF vs X vs Y_z

htpix2_1
 / ndf 2  23.73 / 24

edge      0.1!  13.2 
    0.08!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 23.73 / 242

edge      0.1!  13.2 

    0.08!  0.02 

TOF vs X vs Y_z htpix2_2
 / ndf 2  24.89 / 24

edge      0.05! 13.22 
    0.07!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 24.89 / 242

edge      0.05! 13.22 

    0.07!  0.02 

TOF vs X vs Y_z htpix2_3
 / ndf 2  17.78 / 24

edge      0.04! 13.18 
    0.07!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

0.44

 / ndf = 17.78 / 242

edge      0.04! 13.18 

    0.07!  0.02 

TOF vs X vs Y_z htpix2_4
 / ndf 2  20.78 / 24

edge      0.02! 13.17 
    0.08!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

 / ndf = 20.78 / 242

edge      0.02! 13.17 

    0.08!  0.02 

TOF vs X vs Y_z htpix2_5
 / ndf 2  10.05 / 14

    
1

a
 0.6!  -3.4 

    
1

b  0.0507! 0.2742 

edge      0.04! 13.22 

    0.08!  0.02 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

 / ndf = 10.05 / 142

    
1

a  0.6!  -3.4 
    

1
b  0.0507! 0.2742 

edge      0.04! 13.22 

    0.08!  0.02 

TOF vs X vs Y_z htpix2_6
 / ndf 2  19.07 / 14

    
1

a
 0.7388! 0.8085 

    
1

b  0.05942! -0.02392 

edge      0.02! 13.18 

    0.06!  0.02 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.2

0.25

0.3

0.35

0.4

 / ndf = 19.07 / 142

    
1

a
 0.7388! 0.8085 

    
1

b  0.05942! -0.02392 

edge      0.02! 13.18 

    0.06!  0.02 

TOF vs X vs Y_z htpix2_7
 / ndf 2  13.32 / 14

    
1

a
 0.64!  1.86 

    
1

b  0.0510! -0.1162 

edge      0.03! 13.21 

    0.07!  0.02 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 13.32 / 142

    
1

a
 0.64!  1.86 

    
1

b  0.0510! -0.1162 

edge      0.03! 13.21 

    0.07!  0.02 

TOF vs X vs Y_z htpix2_8
 / ndf 2  19.17 / 24

edge      0.0!  13.1 
    0.07!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 19.17 / 242

edge      0.0!  13.1 

    0.07!  0.02 

TOF vs X vs Y_z htpix2_9
 / ndf 2  24.37 / 24

edge      0.03! 13.12 
    0.06!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 24.37 / 242

edge      0.03! 13.12 

    0.06!  0.02 

TOF vs X vs Y_z htpix2_10
 / ndf 2  22.61 / 24

edge      0.03! 13.13 
    0.07!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 22.61 / 242

edge      0.03! 13.13 

    0.07!  0.02 

TOF vs X vs Y_z htpix2_11
 / ndf 2  22.08 / 24

edge      0.04! 13.14 
    0.04!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.25

0.3

0.35

0.4

0.45

 / ndf = 22.08 / 242

edge      0.04! 13.14 

    0.04!  0.02 

TOF vs X vs Y_z

htpix3_1
 / ndf 2  12.37 / 24

edge      0.06! 13.13 
    0.04!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

 / ndf = 12.37 / 242

edge      0.06! 13.13 

    0.04!  0.02 

TOF vs X vs Y_z htpix3_2
 / ndf 2  19.46 / 24

edge      0.03! 13.16 
    0.07!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.25

0.3

0.35

0.4

0.45

 / ndf = 19.46 / 242

edge      0.03! 13.16 

    0.07!  0.02 

TOF vs X vs Y_z htpix3_3
 / ndf 2  23.75 / 24

edge      0.03! 13.19 
    0.05!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 23.75 / 242

edge      0.03! 13.19 

    0.05!  0.02 

TOF vs X vs Y_z htpix3_4
 / ndf 2  30.09 / 24

edge      0.03! 13.17 
    0.06!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.25

0.3

0.35

0.4

 / ndf = 30.09 / 242

edge      0.03! 13.17 

    0.06!  0.02 

TOF vs X vs Y_z htpix3_5
 / ndf 

2
 13.95 / 14

    
1

a  0.721! -1.783 
    

1
b  0.0580! 0.1662 

edge      0.03! 13.18 

    0.04846! 0.03176 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.2

0.25

0.3

0.35

0.4

 / ndf = 13.95 / 142

    
1

a
 0.721! -1.783 

    
1

b  0.0580! 0.1662 

edge      0.03! 13.18 

    0.04846! 0.03176 

TOF vs X vs Y_z htpix3_6
 / ndf 

2
 16.29 / 14

    
1

a  0.794! -6.367 
    

1
b  0.0639! 0.5136 

edge      0.0!  13.2 

    0.0580! 0.0613 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.2

0.25

0.3

0.35

0.4

 / ndf = 16.29 / 142

    
1

a  0.794! -6.367 
    

1
b  0.0639! 0.5136 

edge      0.0!  13.2 
    0.0580! 0.0613 

TOF vs X vs Y_z htpix3_7
 / ndf 

2
 12.37 / 14

    
1

a  0.798! 1.244 
    

1
b  0.06415! -0.06862 

edge      0.03! 13.17 

    0.05!  0.02 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

 / ndf = 12.37 / 142

    
1

a
 0.798! 1.244 

    
1

b  0.06415! -0.06862 

edge      0.03! 13.17 

    0.05!  0.02 

TOF vs X vs Y_z htpix3_8
 / ndf 2   21.4 / 24

edge      0.0!  13.2 
    0.06!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf =  21.4 / 242

edge      0.0!  13.2 

    0.06!  0.02 

TOF vs X vs Y_z htpix3_9
 / ndf 2  28.71 / 24

edge      0.03! 13.18 
    0.06!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 28.71 / 242

edge      0.03! 13.18 

    0.06!  0.02 

TOF vs X vs Y_z htpix3_10
 / ndf 2  14.66 / 24

edge      0.05! 13.11 

    0.04767! 0.04057 

Time (ms)
12.5 13 13.5 14 14.5

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 14.66 / 242

edge      0.05! 13.11 

    0.04767! 0.04057 

TOF vs X vs Y_z htpix3_11
 / ndf 2  37.91 / 24

edge      0.04! 13.18 
    0.07!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.25

0.3

0.35

0.4

0.45

 / ndf = 37.91 / 242

edge      0.04! 13.18 

    0.07!  0.02 

TOF vs X vs Y_z

htpix4_1
 / ndf 2  24.21 / 24

edge      0.04! 13.18 
    0.06!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.25

0.3

0.35

0.4

 / ndf = 24.21 / 242

edge      0.04! 13.18 

    0.06!  0.02 

TOF vs X vs Y_z htpix4_2
 / ndf 2  23.47 / 24

edge      0.04! 13.19 
    0.06!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.25

0.3

0.35

0.4

 / ndf = 23.47 / 242

edge      0.04! 13.19 

    0.06!  0.02 

TOF vs X vs Y_z htpix4_3
 / ndf 

2
 15.36 / 24

edge      0.04! 13.13 

    0.04513! 0.03972 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 15.36 / 242

edge      0.04! 13.13 

    0.04513! 0.03972 

TOF vs X vs Y_z htpix4_4
 / ndf 2  18.55 / 24

edge      0.03! 13.16 
    0.08!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.25

0.3

0.35

0.4

 / ndf = 18.55 / 242

edge      0.03! 13.16 

    0.08!  0.02 

TOF vs X vs Y_z htpix4_5
 / ndf 

2
 5.645 / 14

    
1

a
 0.776! -5.469 

    
1

b  0.0624! 0.4391 

edge      0.0!  13.2 

    0.04927! 0.04003 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

 / ndf = 5.645 / 142

    
1

a  0.776! -5.469 

    
1

b  0.0624! 0.4391 

edge      0.0!  13.2 

    0.04927! 0.04003 

TOF vs X vs Y_z htpix4_6
 / ndf 

2
 18.05 / 14

    
1

a
 0.781! -3.506 

    
1

b  0.0628! 0.3026 

edge      0.03! 13.18 

    0.04986! 0.03975 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.2

0.25

0.3

0.35

0.4

 / ndf = 18.05 / 142

    
1

a  0.781! -3.506 

    
1

b  0.0628! 0.3026 

edge      0.03! 13.18 

    0.04986! 0.03975 

TOF vs X vs Y_z htpix4_7
 / ndf 

2
 23.09 / 14

    
1

a
 0.786! 8.158 

    
1

b  0.0632! -0.5794 

edge      0.02! 13.17 

    0.05!  0.02 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

 / ndf = 23.09 / 142

    
1

a  0.786! 8.158 

    
1

b  0.0632! -0.5794 

edge      0.02! 13.17 

    0.05!  0.02 

TOF vs X vs Y_z htpix4_8
 / ndf 2  9.367 / 24

edge      0.03! 13.13 
    0.08!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

 / ndf = 9.367 / 242

edge      0.03! 13.13 

    0.08!  0.02 

TOF vs X vs Y_z htpix4_9
 / ndf 2  14.75 / 24

edge      0.05! 13.15 
    0.06!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

 / ndf = 14.75 / 242

edge      0.05! 13.15 

    0.06!  0.02 

TOF vs X vs Y_z htpix4_10
 / ndf 

2
 34.82 / 24

edge      0.07! 13.11 

    0.06839! 0.07991 

Time (ms)
12.5 13 13.5 14 14.5

0.25

0.3

0.35

0.4

0.45

 / ndf = 34.82 / 242

edge      0.07! 13.11 

    0.06839! 0.07991 

TOF vs X vs Y_z htpix4_11
 / ndf 2  21.07 / 24

edge      0.06! 13.18 
    0.08!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.25

0.3

0.35

0.4

0.45

 / ndf = 21.07 / 242

edge      0.06! 13.18 

    0.08!  0.02 

TOF vs X vs Y_z

htpix5_1
 / ndf 2  23.55 / 24

edge      0.04! 13.11 
    0.06!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.25

0.3

0.35

0.4

0.45

 / ndf = 23.55 / 242

edge      0.04! 13.11 

    0.06!  0.02 

TOF vs X vs Y_z htpix5_2
 / ndf 2  35.29 / 24

edge      0.03! 13.17 
    0.08!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.25

0.3

0.35

0.4

 / ndf = 35.29 / 242

edge      0.03! 13.17 

    0.08!  0.02 

TOF vs X vs Y_z htpix5_3
 / ndf 

2
 15.46 / 24

edge      0.06! 13.11 

    0.06109! 0.06728 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

 / ndf = 15.46 / 242

edge      0.06! 13.11 

    0.06109! 0.06728 

TOF vs X vs Y_z htpix5_4
 / ndf 2  29.21 / 24

edge      0.03! 13.19 
    0.05!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.25

0.3

0.35

0.4

 / ndf = 29.21 / 242

edge      0.03! 13.19 

    0.05!  0.02 

TOF vs X vs Y_z htpix5_5
 / ndf 2  9.355 / 14

    
1

a
 0.802! -1.383 

    
1

b  0.0646! 0.1273 

edge      0.05! 13.17 

    0.05527! 0.05305 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

 / ndf = 9.355 / 142

    
1

a
 0.802! -1.383 

    
1

b  0.0646! 0.1273 

edge      0.05! 13.17 

    0.05527! 0.05305 

TOF vs X vs Y_z htpix5_6
 / ndf 2  20.25 / 14

    
1

a
 0.846! -3.115 

    
1

b  0.0681! 0.2678 

edge      0.04! 13.16 

    0.06123! 0.06472 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.2

0.25

0.3

0.35

0.4

0.45

 / ndf = 20.25 / 142

    
1

a
 0.846! -3.115 

    
1

b  0.0681! 0.2678 

edge      0.04! 13.16 

    0.06123! 0.06472 

TOF vs X vs Y_z htpix5_7
 / ndf 2  4.632 / 14

    
1

a
 0.8000! -0.6107 

    
1

b  0.06435! 0.07824 

edge      0.02! 13.11 

    0.05!  0.02 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

 / ndf = 4.632 / 142

    
1

a
 0.8000! -0.6107 

    
1

b  0.06435! 0.07824 

edge      0.02! 13.11 

    0.05!  0.02 

TOF vs X vs Y_z htpix5_8
 / ndf 2     24 / 24

edge      0.03! 13.08 
    0.07!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.2

0.25

0.3

0.35

0.4

 / ndf =    24 / 242

edge      0.03! 13.08 

    0.07!  0.02 

TOF vs X vs Y_z htpix5_9
 / ndf 2  30.51 / 24

edge      0.04! 13.13 
    0.07!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

 / ndf = 30.51 / 242

edge      0.04! 13.13 

    0.07!  0.02 

TOF vs X vs Y_z htpix5_10
 / ndf 2  27.18 / 24

edge      0.03! 13.14 
    0.05!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.25

0.3

0.35

0.4

0.45

 / ndf = 27.18 / 242

edge      0.03! 13.14 

    0.05!  0.02 

TOF vs X vs Y_z htpix5_11
 / ndf 2  21.41 / 24

edge      0.04! 13.11 
    0.07!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.25

0.3

0.35

0.4

0.45

 / ndf = 21.41 / 242

edge      0.04! 13.11 

    0.07!  0.02 

TOF vs X vs Y_z

htpix6_1
 / ndf 2   21.8 / 24

edge      0.04! 13.12 
    0.08!  0.02 

Time (ms)
12.5 13 13.5 14 14.5

0.25

0.3

0.35

0.4

0.45

 / ndf =  21.8 / 242

edge      0.04! 13.12 

    0.08!  0.02 

TOF vs X vs Y_z htpix6_2
 / ndf 

2
 14.43 / 24

edge      0.06! 13.09 

    0.06265! 0.07058 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

 / ndf = 14.43 / 242

edge      0.06! 13.09 

    0.06265! 0.07058 

TOF vs X vs Y_z htpix6_3
 / ndf 

2
 16.46 / 24

edge      0.04! 13.13 

    0.06523! 0.02625 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

0.44

 / ndf = 16.46 / 242

edge      0.04! 13.13 

    0.06523! 0.02625 

TOF vs X vs Y_z htpix6_4
 / ndf 

2
 17.33 / 24

edge      0.0!  13.1 

    0.07846! 0.02299 

Time (ms)
12.5 13 13.5 14 14.5

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

0.38

0.4

0.42

0.44

 / ndf = 17.33 / 242

edge      0.0!  13.1 

    0.07846! 0.02299 

TOF vs X vs Y_z htpix6_5
 / ndf 

2
 4.769 / 14

    
1

a
 0.984! 5.698 

    
1

b  0.0796! -0.3829 

edge      0.02! 13.15 

    0.05728! 0.05613 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.2

0.25

0.3

0.35

0.4

 / ndf = 4.769 / 142

    
1

a  0.984! 5.698 

    
1

b  0.0796! -0.3829 

edge      0.02! 13.15 

    0.05728! 0.05613 

TOF vs X vs Y_z htpix6_6
 / ndf 

2
 10.84 / 14

    
1

a
 0.787! -3.398 

    
1

b  0.0633! 0.2851 

edge      0.03! 13.12 

    0.08!  0.02 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36

 / ndf = 10.84 / 142

    
1

a  0.787! -3.398 

    
1

b  0.0633! 0.2851 

edge      0.03! 13.12 
    0.08!  0.02 

TOF vs X vs Y_z htpix6_7
 / ndf 

2
 12.17 / 14

    
1

a
 0.9304! 0.6278 

    
1

b  0.075124! -0.001803 

edge      0.03! 13.16 

    0.03226! 0.06561 

Time (ms)
12 12.2 12.4 12.6 12.8 13 13.2 13.4 13.6

0.16

0.18

0.2

0.22

0.24

0.26

0.28

0.3

0.32

0.34

0.36
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Summary 
  TPC based on micro-pattern gaseous detector and FPGA DAQ system. 

  Position resolution of ~0.3 mm; time resolution of ~1 µs. 
  DAQ with high data rates, external TOF gate. 
  Strong rejection of background gammas and fast neutrons. 

  Third detector test at J-PARC in 2011. 
  Position resolution with shorter drift cage. 
  Bragg edge transmission with simpler sample. 

  µPIC system is available in 10×10 cm2, 20×20 cm2, and 30×30 cm2. 
  Second 10-cm system built for JAEA. 
  Now setting up 20-cm neutron imaging detector for use at Kyoto University. 
  40×40 cm2 system and more compact ASD chips are now under 

development. 
  Manufacturing technique allows wide choice in size and shape. 


